research was conducted with the objective to estimate genetic diversity of upland rice genotypes based on yield, yield related and grain quality traits.
MATERIALS AND METHODS
The experiment was conducted at two locations, namely Pawe Agricultural Research Center and Assosa Agricultural Research Center experimental sites during the main cropping season of 2017. PARC is located 575 Km from Addis Ababa and its geographic locationis between 11 0 15'and 11 0 23North latitude and 36 0 30' East longitudes. Assosa is located at 10 0 03ˈN latitude and 34 0 59' E longitudes at about 1580meters above sea level. The mean annual rainfall is about 1275 mm. The mean annual minimum and maximum temperatures of the area is also about 14 and 39OC, respectively.
A total of 23 upland rice genotypes were obtained from Fogera National Rice Research and Training Center. The genotypes were introduced from Africa Rice Center. The experiment was conducted in randomized complete block design with three replications. A plot consisting six rows of 5 m long by 1.2m width (6 m 2 ) with spacing of 0.2 m between rows, 0.3 m between plots and 1.5 m between blocks was used. Seed rate of 60 kg/h was used and the seed was drilled in a row. Data on grain yield and other important agronomic traits and quality traits were collected on plot and individual plant basis at each location. The grain quality parameter was measured from randomly taken grain samples from each plot.
Data Analysis

Principal Component Analysis
Principal component analysis (PCA) was computed to find out the characters, which accounted more to the total variation. The data was standardized to mean zero and variance of one before computing principal component analysis. The principal component based on correlation matrix was calculated using SAS software.
Genetic Distance and Clustering
Genetic distance of 23 upland rice genotypes were estimated using Euclidean distance (ED) calculated from quantitative traits after standardization (subtracting the mean value and dividing it by the standard deviation) as established by Sneath and Sokal (1973) as follows: EDjk = , Where; EDjk = distance between genotypes j and k; xij and xik = phenotype traits values of the i th character for genotypes j and k, respectively; and n = number of phenotype traits used to calculate the distance. The distance matrix from phenotype traits was used to construct Dendrogram based on the Unweighted Pair-group Method with Arithmetic Means (UPGMA). The results of cluster analysis were presented in the form of Dendrogram. In addition, mean ED was calculated for each genotype by averaging of a particular genotype to the other 23 genotypes. The calculated average distance (ED) was used to estimate which genotype(s) is closest or distant to others.
RESULTS AND DISCUSSION
Principal Component Analysis
The PCA analysis results includes the factor scores of each character among the 23 rice genotypes, eigenvalues, percentage total variance accounted for by four principal components (PCs). This principal component analysis resulted in four principal components (PC1 to PC4) with eigenvalues ranged from 1.54 to 6.01. The four principal components accounted varied percentage of total variance that ranged from 11 to 42.96% and accounted for 80.04% of the total variation. Ojhaet al.
(2017) reported that principal component contributed 68.87% variation; Tuhina-khatunet al. (2015) and Sohrabi et al.(2012) also reported the first four principal components accounted for about 72.1% and 76.7% of the total variation respectively. According to Brejda et al. (2000) , data were considered in each components with Eigen value >1 which determined at least 10% of the variation. The higher Eigen values were considered as best representative of system attributes in principal components. The PC1 showed 42.96% variability among traits, while PC2, PC3, and PC4 exhibited 13.46%, 12.62% and 11% variability respectively. The first principal component (PC1) was relatively with higher value that includes days to heading, days to flowering, days to maturity, unfilled grains per panicle, kernel length and length width ratio. These traits had more contribution to the total diversity and they were responsible for the differentiation of the clusters. In principal component (PC2), characters like plant height, panicle length, kernel width, days to heading, days to flowering, thousand grain weight, protein content and grain yield had more contribution to the total genetic diversity and clustering of genotypes. In principal component (PC3), thousand grain weights, kernel length, kernel thickens, length width ratio, days to heading, days to flowering and days to maturity had relatively more contribution to the total genetic diversity and clustering of rice genotypes. In principal component (PC4), characters such as plant height, panicle length, fertile tillers per plant, thousand grain weight and kernel width had relatively more contribution to the total variance. Thousand grain weights had a maximum contribution, others, viz. days to flowering, days to heading, kernel length and days to maturity had relatively high contribution to genetic divergence of genotypes. The characters which had more contribution to total genetic divergence are under the control of additive gene action and will offer a good scope of improvement through selection breeding. This result concurrence with Ojha et al. (2017) for plant height and kernel length. The output of PCA revealed that different traits contributed differently to the variation. These differences indicated the present of variability and considerable opportunity for improvement of different qualitative and quantitative traits. Important characters coming together in different PCs have tendency to remain together, which may be kept into consideration during utilization of these characters in breeding programme to bring about rapid improvement for yield and other associated traits.
Table1. Principal component values of the first four principal components for 23 rice genotypes evaluated across location (Pawe and Assosa) in 2017.
Genetic Divergence Analysis
Genetic Distances among Rice Genotypes
The relationship among genetic distances of 253 pair of genotypes estimated for each location and mean values over locations was tested with regression analysis and the results is presented in Figure 1 . .88 which was significantly higher (>overall mean ED + SD) than the overall mean ED of genotypes. This suggested considerable number of genotypes had genetic distances above the average genetic distance of the rice genotypes that could be considered for crossing programs to combine the desirable traits they possess. The genotypes with high genetic distances between them also have the potential to produce heterotic hybrids through crossing make among genotypes. Similar studies were reported by (Sohrabi et al., 2012) . The released variety, NERICA-4 included as a check in the experiment had also mean ED of 4.64 to other 22 genotypes which was lower than the overall mean ED of genotypes. The results suggested that the genotypes that had mean genetic distances over the average mean distance were more distant to others while the genotypes with mean genetic distances lower than the average mean distance of genotypes were more closest to other genotypes. 
Clustering of Genotypes
The Euclidean distance matrix of 253 pair of genotypes estimated from quantitative traits was used to construct dendrogram based on the Unweighted Pair-group Methods with Arithmetic Means (UPGMA). The 23 rice genotypes were grouped into seven distinct clusters based on the genotypes mean values for 14 quantitative traits over two locations (Figure 3 ). Cluster III consisted of eight genotypes (34.78%), other four clusters (Cluster I, IV, V and VII) each consisted of three (13.04%) genotypes, while Cluster VI and II had two (ART16-9-33-2-1-1-1-B-1-2 and ART16-5-9-22-2-1-1-B-1-2) and one (ART16-9-29-12-1-1-2-B-1-1) genotypes, respectively. The result suggested that the genotypes grouped under same cluster had similarity for many traits but dissimilarity to other genotypes in other clusters with one or more traits. Kulsum et al., (2011) and Hossain et al. (2015) indicated the homogeneous nature of the genotypes within the clusters. 
Cluster Mean Analysis
The distinguishing features of Cluster I and VII were by having higher mean values including for grain yield than the overall mean values of genotypes for all traits except the former cluster for VI, IV and the latter cluster for II, III and V. This suggested the higher chance of developing varieties through selection and further evaluation of genotypes from these two clusters. Cluster IV and VI had higher mean values than overall mean values of genotypes for days to heading, days to flowering, days to maturity, Protein content and grain yield, while Cluster V had higher mean values than overall mean values of genotypes for fertile tiller per plant, thousand grain weight, kernel width and kernel thickens.
According to the mean analysis of cluster, selection of genotypes from Cluster IV and VI is possible to obtain genotypes with highest grain yield and other desirable traits. It is suggested also to make cross among the two cluster members and genotypes from Cluster V to combine desirable traits in hybrids and searching better performing genotypes in subsequent segregating generations. 
SUMMARY AND CONCLUSION
The present study was conducted with the objective of assessing genetic diversity of upland rice genotypes for yield and yield related traits. Principal component analysis showed four principal components with eigen values ranged from 1.54 to 6.01. The estimated genetic distance of 23 pairs of accessions using. Euclidean distance ranged from 0.95 to 11.39 with mean of 5.18 and standard deviation of 1.7. The highest genetic distance was exhibited between PARC.DAT.V-2.2013 and ART16-9-9-25-2-1-1-B-2-1 while lowest genetic distance was between ART16-21-4-7-2-2-B-2-2 and ART15-16-31-2-1-1-1-B-1-1 so, genotypes with high genetic distances between them have the potential to produce heterotic hybrids through crossing make among genotypes. Hence, the information generated from this study, rice breeder can be exploited for future rice breeding program.
The study was also carried out for one season and at two locations. However, further evaluation of these breeding materials at more locations and year, different environments and agro-ecologies is advisable to confirm the promising results observed in the present study. ACKNOWLEDGMENT
The author acknowledge to Dr. Mulugeta Atnafe, for his guidance and much helpful advice of my manuscript write-up. I am also thankful to the Ethiopian Institute of Agricultural Research (EIAR) for providing me the required financial support. My deepest gratefulness goes to Pawe Agricultural Research center for their support in field trial management and arrangement of the necessary facilities.
